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INTRODUCTION 
Amino a c i d s a r e the b u i l d i n g b locks of p r o t e i n s . 
The o v e r a l l behav iour of p r o t e i n s mainly depends on the 
types and t h e o r d e r of arrangement of amino a c i d s . Most 
of the amino a c i d s a r e alpha amino a c i d s hav ing both an 
amino (— NlO and a Carboxyl (—COOH) g r o u p s . L-Alanine i s 
a t y p i c a l example of a lpha amino a c i d s . When c r y s t a l l i n e 
a l a n i n e i s d i s s o l v e d in water i t e x i s t s in s o l u t i o n as 
z w i t t e r i o n s . 
The minera l elements which t h e body needs in 
l a r g e q u a n t i t i e s a r e calcium, magnesium, sodium and p o t a -
ssium. 
The body a l s o needs in smal le r amounts i ron , 
copper, manganese ,coba l t , z i n c , aluminium, s i l v e r e t c . 
Sodium i s t h e major component of t h e c a t i o n s of e x t r a -
c e l l u l a r f l u i d . Sodium as sodium c h l o r i d e c o n t r i b u t e s 
towards t h e a c i d base ba lance of the body and in mainta-
in ing t h e osmot ic p r e s s u r e of body f l u i d . Po tass ium i s 
t h e p r i n c i p a l c a t i o n of the e x t r a c e l l u l a r f l u i d because 
i t i n f l uences muscle a c t i v i t y . Within c e l l i t func t ions 
l i k e sodium. Magnesium i s one of the p r i n c i p a l c a t i o n s 
of the s o f t t i s s u e . 
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Calcium i s p resen t in the body in l a r g e r amounts 
than any other ca t ion . Almost a l l of i t i s in bones and tee th . 
The very small quan t i ty not in ske le ta l s t r u c t u r e i s in the 
body f lu ids and i s in p a r t ionized. Calcium i s of grea t impo-
rtance in blood coagulat ion, in the function of hear t /muscle 
and nerves and in permeabi l i ty of membranes. The main function 
of iron is that of an oxygen c a r r i e r . In br ief mineral elements 
play a s ign i f i can t ro le in physiological a c t i v i t i e s . 
Calcium is the l a r g e s t pr inc ipa l ca t ion of our body 
hence i t s in te rac t ion with amino acid is of g r ea t importance 
in biology and medicine. 
Ultrasonic ve loc i ty measurements have been adequately 
employed to understand the molecular i n t e rac t ions in pure 
1 2-5 
l i qu ids as well as in binary and ternary mixtures. Such 
s tudies have a l so been used to inves t iga te the ionic i n t e r -
act ions in s ing le and mixed s a l t solut ions " in polymers and 
e l e c t r o l y t i c so lu t ions ' as well as in s i ng l e molten s a l t s 
12 
and the i r mixtures 
* 13 14 
Nomotos and Van Dael and Vangeel *s ideal mixing 
re la t ions were employed in p red ic t ing the u l t r a son i c ve loc i ty 
values t h e o r e t i c a l l y . 
3 
Density and u l t rasonic ve loc i ty data have been used 
to evaluate the thermodynamic p roper t i e s of amino acids . 
Many researchers have studied the physico-chemical 
behaviour of amino ac ids . Attempts have a l s o been made to 
study the i n t e r ac t i on between amino acids and s a l t s in aqueous 
medium. 
Apparent molar volume ana apparent molar compressibi-
l i t y values of amino acids in aqueous medium have been reported 
These values he lp in knowing the so lu te - so l vent in te rac t ions in 
mixtures. 
The surface tension was computed using the u l t rason ic 
19 
veloci ty and the dens i ty values with the help of Auerbach 
re l a t ion . 
Consequently, in order to understand the physico -
chemical behaviour of [x alanine + (1-x) calcium ace t a t e ] 
system the u l t r a s o n i c ve loc i ty and densi ty values have been 
measured. Using the densi ty and u l t r a son ic ve loc i ty data some 
of the derived parameters l i k e adiabat ic compress ib i l i ty , 
molar u l t r a s o n i c ve loc i ty , and apparent molar compressibi l i ty 
have been computed and discussed for explaining the behaviour 
4 
of amino acid in aqueous s a l t solut ion. Ttoe apparent 
molar volume and the surface tension data have been 
used for the same purpose. 
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EXPERIMENTAL 
Temperature Control t To main ta in t h e t empera tu re c o n s t a n t 
du r ing the measurement of d e n s i t y a the rmos ta t ed p a r a f f i n bath 
was used .The ba th c o n s i s t e d of an immersion h e a t e r (1.5 kw), 
s t i r r e r , check thermometer and a r e l a y [jumo type NT 15 .0 , 
220 V ~ 1 5 A ] . 
An u l t r a t h e r m o s t a t (Type u-10) was used to keep 
t h e t empera ture uniform dur ing t h e measurement of u l t r a s o n i c 
v e l o c i t y . 
The thermal s t a b i l i t y was found to be w i t h i n + 0 . 1 ° . 
P r e p a r a t i o n of Samples : The amino ac id , L-Alanine used in 
t h i s work was ob ta ined from SRL (Bombay) which was used a f t e r 
d ry ing i t fo r seve ra l hou r s a t 110 °C. Calcium a c e t a t e (BDH) 
was r e c r y s t a l l i z e d and u sed . 
Stock s o l u t i o n s of 1M calcium a c e t a t e and 0 . 1 M 
a l a n i n e were prepared in t r i p l e d i s t i l l e d wa t e r . The two 
s tock s o l u t i o n s were mixed in d i f f e r e n t r a t i o s in o rde r t o 
g e t e i g h t s o l u t i o n s of d i f f e r e n t compos i t ions . 
C a l i b r a t i o n of Pyknometer : Pyknometer c o n s i s t i n g of a small 
bu lb with f l a t bottom of approximate ly 3 ml c a p a c i t y and a 
6 
graduated stem, was used fo r d e n s i t y measurement. Using 
t r i p l e d i s t i l l e d w a t e r each mark on the stem of the pykno-
meter was c a l i b r a t e d . The d e n s i t i e s of wate r a t va r ious 
tempera tures r e q u i r e d f o r c a l i b r a t i o n were c a l c u l a t e d 
20 
us ing t h e e q u a t i o n , 
J * a + b t - c t 
- 5 Where a = 1.000525, b = - 2 . 0 x 10 , 
c = - 4 . 7 2 x 10~ and t = t empera tu re in °C 
(with s t a n d a r d d e v i a t i o n of 4 ppm) . 
Knowing t h e mass and d e n s i t y of w a t e r , t he volume 
of pyknometer a t each mark was de termined. 
Measurement of Dens i t y t The s o l u t i o n under s t u d y was i n t r o -
duced i n t o t h e p r e - c a l i b r a t e d pyknometer b e f o r e immersing i t 
i n t o the t he rmos t a t ed b a t h . The d e n s i t y v a l u e s were ob ta ined 
by record ing the volume changes as a f u n c t i o n of t empera tu re . 
Measurement of u l t r a s o n i c v e l o c i t y : An u l t r a s o n i c i n t e r -
ferometer ( M i t t a l * s F-81,4 MHz) was used f o r measuring the 
u l t r a s o n i c v e l o c i t i e s a t va r ious t e m p e r a t u r e s . The wave 
l e n g t h was de termined wi th the he lp of t o t a l d i s t a n c e t r a v e -
l l e d by t h e micrometer f o r twenty maxima of anode c u r r e n t . 
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Hie t o t a l d is tance *d* t rave l l ed by the micrometer gives 
the value of wave length as follows : 
X 
d * n x y— 
Where n is the number of maxima of anode cu r r en t . Knowing X# 
the u l t r a son ic ve loc i ty u can be ca lcula ted from the re la t ion , 
u = Frequency x wave length . 
THEORETICAL 
3 
Making u s e of exper imenta l va lues of u l t r a s o n i c 
v e l o c i t y and d e n s i t y t h e de r ived pa ramete r s : a d i a b a t i c 
c o m p r e s s i b i l i t y (B ) # molar u l t r a s o n i c v e l o c i t y (R) , 
s p e c i f i c a c o u s t i c impedence (Z), r e l a t i v e a s s o c i a t i o n 
(RA) and s o l v a t i o n number (Sn) were c a l c u l a t e d a s func -
t i o n s of c o n c e n t r a t i o n and tempera tu re . The r e l a t i o n s 
employed a r e as fo l lows J 
p - u - 2 / - 1 ^ 
R . /MA XA + " B ^ U V 3 (2) 
Z * n.f (3) 
P / u« \1/3 
H.A.. JL / _ £ _ ) (4) /o ^ u 
B P, 
Where u, / and B are the ultrasonic velocity, density and 
adiabatic compressibility of the solution respectively* 
u , j and B are the ultrasonic velocity* density and 
adiabatic compressibil ity of the solvent respectively and 
nA' nR; MA# ^B a n d X A ' •*« a r e t h e n o # o f roo^es' molecular 
9 
weights and mole f r a c t i o n s of t he component A and B r e s p -
e c t i v e l y . 
The a p p a r e n t molar volume, <b„ , of t h e s o l u t e 
TVA 21 (component A ) i s e v a l u a t e d from the r e l a t i o n , 
Where j 0 , XQ and MQ a r e t h e d e n s i t y , mole f r a c t i o n 
and molecular weight of t he s o l v e n t r e s p e c t i v e l y , X. and 
MA a r e t h e mole f r a c t i o n and molecular weight of t h e s o l u t e 
component and / i s t h e d e n s i t y of t h e s o l u t i o n . 
The a p p a r e n t molar c o m p r e s s i b i l i t y of t h e s o l u t e 
(component A ) in terms of mole f r a c t i o n c o n c e n t r a t i o n u n i t s 
21 i s c a l c u l a t e d u s ing t h e r e l a t i o n , 
M - B <t> + X H - ^ ^ L - (7) 
YKA P S TVA AO o ( x P ) 
A ' O 
Where B and B are the adiabat lc c o m p r e s s i b i l i t i e s of 
~S r3 
the solut ion and solvent respec t ive ly . 
19 Auerbach re la t ion i s used for the ca lcu la t ion of 
surface tension ( 0~), 
<T = 6 . 3 1 x 10"4 n3/2f (8) 
Nomoto assumed t h a t t he molar u l t r a s o n i c v e l o c i t y (R) 
i s a l i n e a r func t ion of c o n c e n t r a t i o n of one of t h e 
components of a b ina ry mix ture and proposed an emperical 
r e l a t i o n of t h e form, 
R = X Ri + ( 1-X) R2 (9) 
Where Rj and R2 a r e the molar u l t r a s o n i c v e l o c i t i e s of 
components 1 and 2 wi th t h e i r mole f r a c t i o n s X and (1-X) 
r e s p e c t i v e l y . Molar u l t r a s o n i c v e l o c i t y may a l s o be e x p r e -
ssed a s 
„ - - ^
/ 3
= V U 1 ' 3 00) 
The molar volume* V being a d d i t i v e in n a t u r e may be w r i t t e n 
a s 
V = X Vx + (1-X) V2 (11) 
By s u b s t i t u t i n g t h e v a l u e s of V and R and r e a r r a -
ng ing , e q u a t i o n (9) t akes t h e form , 
3 /XR, + (1-X) RA 3 
2\ (12) 
-"(«) • P 
XVj + (1-X) V2 
Equation (12) was a p p l i e d f o r e v a l u a t i n g the u l t r a -
son ic v e l o c i t y of the system under s t u d y . 
11 
14 Hie re la t ion proposed by van Dael and Vangeel 
for the adiabat ic compress ib i l i ty , p of a binary mixture 
i s expressed as 
P. (HO »° i 4 — * V d 2 TT- P.2 (13> 
Y(im) Him) 
Where •© , r and in re fe r to the volume f rac t ion , p r inc ipa l 
spec i f i c heat r a t i o and ideal mixing respec t ive ly . Equation 
(13) may be applied to ideal mixtures a f t e r s a t i s fy ing the 
condit ion that 
Yi - Y2 - Yim (14' 
Assuming this, equation (13) may be written as 
Ps(lm) = Ql P S l + °2 Ps2 
By considering the l i nea r combination of mole 
f r ac t i ons tha t v., = V,, Eg,(15), takes on the more s impl i -
f ied form, 
(16) 
Ps(im) = X P S l + ( 1~X ) ?*; 
In the l i g h t of the above equations, the u l t r a s o n i c ve loc i ty 
may be expressed as 
12 
1
 X
 + 1 -X xv"-*>»2 »k,,~ ^ ! + ^ (17) 
" h e r e ^
 a n d ^ a r e t h e ^ ^ ^ ^ ^ ^ ^ 
components. 
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RESULTS AND DISCUSSION 
Densi ty and u l t r a s o n i c v e l o c i t y va lues have been 
measured f o r [x a l a n i n e + (1-x) calcium a c e t a t e ] s y s t e m 
in aqueous medium as f u n c t i o n s of mole f r a c t i o n and 
t e m p e r a t u r e . The d e n s i t y v a l u e s a r e l i s t e d in Table 1. 
I t i s observed t h a t t h e d e n s i t y of b inary system d e c r e a s e s 
wi th i n c r e a s e in mole f r a c t i o n of a l a n i n e and i n c r e a s e s 
wi th i n c r e a s e in t e m p e r a t u r e . The decrease in d e n s i t y wi th 
i n c r e a s e in mole f r a c t i o n of a l a n i n e seems to be due to 
l a r g e dec rease in c o n c e n t r a t i o n of calcium a c e t a t e as 
a l a n i n e and calcium a c e t a t e s t o c k s s o l u t i o n a r e 0 . 1 and 1M« 
r e s p e c t i v e l y . The v a r i a t i o n of d e n s i t y with t empera tu re was 
found t o show t h e usua l t r e n d . 
The exper imental and computed u l t r a s o n i c va lues us ing 
Nomoto and Van Dael and Vangeel equa t ions a r e given in 
Table 2 . The u l t r a s o n i c v e l o c i t y va lues dec r ea se wi th 
i n c r e a s e in mole f r a c t i o n of a l a n i n e and i n c r e a s e wi th 
i n c r e a s e in t empe ra tu r e . I t seems t h a t the o v e r a l l d i l u t i o n 
of t h e r e s u l t a n t s o l u t i o n may be the reason f o r dec rease 
in u va lues with i n c r e a s e in mole f r a c t i o n of a l a n i n e . An 
examinat ion of Table 2 shows t h a t the computed v a l u e s of u 
u s i n g Van Dael and Vangeel equa t ion a r e in agreement with 
t h e exper imenta l va lues whereas those ob ta ined by Nomoto's 
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equation show s ign i f i can t devia t ions . 
Furthermore, the adiabat ic compress ib i l i ty increases 
with increase in the mole f rac t ion , x and decreases with 
increase in temperature (Fig.2) . A decrease in densi ty of 
the system may be the cause of increase in the B values 
which, in turn, seem to be responsible for the decrease in 
so lu te-so lvent i n t e r a c t i o n s . 
I t i s observed from Table 4 tha t the molar u l t r a son ic 
veloci ty values of the system under study decrease with incr-
ease in the mole f rac t ion , x and increase with increase of 
temperature (Fig.3).The trend is same as those of the u l t r a -
sonic ve loc i ty values . 
The computed values of spec i f ic acous t ic impedence 
(Z) and r e l a t i v e associa t ion (RA) are l i s t e d in Tables 5 and 
6 respec t ive ly . Both z and RA decrease with increase in the 
mole f rac t ion , x . The Z values increase (Fig.4) while RA 
values decrease with increase in temperature. However, the 
effect of temperature is ins ign i f ican t in both the cases . 
The solvat ion number (Sn) values of the system are 
l i s t e d in Table 7. The negative values of Sn suggest the 
presence of intermolecular repulsive forces between the 
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components of the mixture . The negative values increase 
with increase in the mole f rac t ion , x which shows the 
corresponding decrease in the a t t r a c t i v e fo rces . The 
va r ia t ion in temperature causes a neg l ig ib le e f fec t on 
Sn values . 
The apparent molar volume ( §.. ) values l i s t e d 
VA 
in Table 8 have been ca l cu la t ed using equation (6) . I t 
has been found that the <j>v values decrease with increase 
in mole f rac t ion , x and increase with increase in tempe-
ra ture . The decrease in <j>v values may be due to a decrease 
in the density on increas ing the mole f rac t ion of a lan ine . 
The reason for increase in the apparent molar volume with 
temperature i s apparently the resu l t of thermal expansion. 
The va r ia t ion in apparent molar compress ib i l i ty 
values as functions of mole f rac t ions , x and temperature 
are given in Table 9. The $K A values decrease with increase 
in mole fract ion and temperature. Such a behaviour i s 
expected to be the r e s u l t of decrease in the so lu te - so lven t 
in t e rac t ions . 
The surface tension values have been given in 
Table 10. An examination of t h i s tab le reveals tha t the 
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Fig.6« Apparent molar compressibility versus B>ole fraction plots 
at different temperatures. 
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surface tension decreases with increase in the mole fraction, 
x and increases with increase in temperature. Itae decrease 
in surface tension with increase in the mole fraction, x 
further shows the decrease in a t t rac t ive forces between solute 
and solvent, the effect of temperature is negl igible . 
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